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,QWURGXFWLRQ
(DUWKTXDNHV LQGXFH H[FHVV SRUH ZDWHU SUHVVXUH EXLOGXS LQ VDWXUDWHG VRLOV FDXVLQJ UHGXFWLRQ LQ VWLIIQHVV DQG
VWUHQJWKLQVRPHFDVHVXQWLOOLTXHIDFWLRQ7KXVWKHQXPHULFDOSUHGLFWLRQRIH[FHVVSRUHZDWHUSUHVVXUHLVLPSRUWDQW
IRUDUHOLDEOHHYDOXDWLRQRIVWURQJPRWLRQUHVSRQVHRIVDQG\GHSRVLWV
6LPSOLILHG VHPLHPSLULFDO PRGHOV IRU WKH SUHGLFWLRQ RI SRUH ZDWHU SUHVVXUH EXLOGXS UHTXLUH FRQYHUWLQJ WKH
HDUWKTXDNHPRWLRQLQWRDQHTXLYDOHQWQXPEHURIF\FOHVRIXQLIRUPVKHDUVWUHVV7KHUHVXOWVRIWKLVSURFHGXUHVWULFWO\
GHSHQG RQ WKH FRQYHUVLRQ FXUYH DGRSWHG DQG RQ WKH WHFKQLTXHV IRU FKRRVLQJ DQG FRXQWLQJ WKH VWUHVV F\FOHV WKDW
VLJQLILFDQWO\DIIHFWWKHSRUHSUHVVXUHJHQHUDWLRQ>@7RE\SDVVVXFKFRQYHUVLRQSURFHGXUHV3DUNHWDO>@SUHVHQWHG
D VWUHVVEDVHGPRGHOZRUNLQJZLWKD VLQJOHYDULDEOH FDOOHG µGDPDJHSDUDPHWHU¶ZKLFKFDQEHFRPSXWHGRQERWK
F\FOLFWHVWGDWDDQGLUUHJXODUVWUHVVKLVWRULHV7KLVPRGHOFDQEHDSSOLHGWRFDUU\RXWG\QDPLFUHVSRQVHDQDO\VHVRI
VDWXUDWHG VDQG GHSRVLWV E\ UHPRYLQJ WKH QHHG IRU HYDOXDWLQJ HTXLYDOHQW XQLIRUP VWUHVV F\FOHV 7KLV DSSURDFK KDV
EHHQ LPSOHPHQWHG LQ FRQMXQFWLRQ ZLWK WKH WKHRU\ RI RQHGLPHQVLRQDO FRQVROLGDWLRQ >@ LQ WKH QXPHULFDO FRGH
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ZKHUH65 LV WKH VKHDU VWUHVV DPSOLWXGH QRUPDOL]HG HLWKHU E\ WKHPHDQ HIIHFWLYH FRQILQLQJ SUHVVXUH LQ D F\FOLF
WULD[LDOWHVWRUE\WKHHIIHFWLYHYHUWLFDOVWUHVVLQDVLPSOHVKHDUWHVW1LVWKHQXPEHURIF\FOHV65ULVWKHRUGLQDWHRI
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LWLVSRVVLEOHWRFRPSXWHWKHPD[LPXPYDOXHRIWKHGDPDJHSDUDPHWHUDW
OLTXHIDFWLRQN/
  / U W65 65 DN      











U D FN NN N





WKHRU\>@KDVEHHQDGRSWHG WKXVUHGXFLQJ WKHH[FHVVSRUHSUHVVXUHSURGXFHGDWHDFK WLPHVWHS LQ IXQFWLRQRI WKH







6RLOGHSRVLW N/ D 65W 65U D E F N>PV@
%±VLOW\VDQG        [
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 [
'\QDPLFDQDO\VLVRIDG\NHGDPDJHGGXULQJ(PLOLDHDUWKTXDNH




7KH FRGH ZDV XVHG WR VLPXODWH WKH EHKDYLRXU RI D VDQG\ VRLO GHSRVLW FRQVWLWXWLQJ D ULYHU EDQN DW WKH VLWH RI





ZHUH IXUWKHU SURFHVVHG IROORZLQJ WKH FULWHULD VXJJHVWHG E\ >@ IRU VHOHFWLQJ UHIHUHQFH JURXQG PRWLRQV IRU
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OLTXHIDFWLRQDQDO\VLVRIHDUWK OHYHHV7KHVHLVPLFJURXQGPRWLRQUHFRUGHGDW WKH/DXULDVWDWLRQGXULQJ WKH0Z
3ROOLQRHDUWKTXDNH,;ZDVILQDOO\VHOHFWHGDQGDGRSWHGDVUHIHUHQFHLQSXWPRWLRQ)LJE





SURILOH DV REWDLQHG E\ DQDO\]LQJ WKH ERUHKROH ORJV DQG JHRSK\VLFDO WHVWV 7KH FRUH RI WKH GLNH $5 DQG LWV












VRLO VDPSOHV UHSUHVHQWDWLYH RI WKH VLOW\ VDQG DQG FOHDQ VDQG GHSRVLWV UHVSHFWLYHO\ 7KH QXPEHU RI F\FOHV DW
OLTXHIDFWLRQ1/ZDVFRXQWHGDVVXPLQJWKDWOLTXHIDFWLRQRFFXUVDWDSRUHSUHVVXUHUDWLRUX 6LQFHWKHWKUHVKROG
VKHDU VWUHVV UDWLR 65W ZDV QRW FOHDUO\ GHILQHG E\ WKH H[SHULPHQWDO GDWD LWV YDOXH ZDV HVWLPDWHG IURP WKH WJ
EDFNERQHFXUYHDVWKDWFRUUHVSRQGLQJWRWKHYROXPHWULFWKUHVKROGVWUDLQPHDVXUHGLQUHVRQDQWFROXPQWHVWV
7KH UHODWLRQVKLS EHWZHHQ WKH SRUH SUHVVXUH UDWLR DQG WKH GDPDJH SDUDPHWHU ZDV GHILQHG DV WKH EHVWILWWLQJ
IXQFWLRQ WKURXJK WKH DYDLODEOH ODERUDWRU\ UHVXOWV )LJE WKH QXPHULFDO YDOXHV RI WKH SDUDPHWHUVDE DQG F DUH
OLVWHG LQ 7DEOH 7KH K\GUDXOLF FRQGXFWLYLW\ RI WKH VRLOV ZDV HLWKHU GLUHFWO\ REWDLQHG IURP ILHOG PHDVXUHPHQWV
/HIUDQF WHVWV RU LQGLUHFWO\ HVWLPDWHG XVLQJ HPSLULFDO FRUUHODWLRQV ZLWK &37 WHVWV >@ 7KH RQHGLPHQVLRQDO
FRPSUHVVLRQPRGXOXVZDVLQIHUUHGIURPWKHVKHDUVWLIIQHVVE\DVVXPLQJD3RLVVRQ¶VUDWLRHTXDOWR
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7KHDFFHOHUDWLRQSURILOHREWDLQHGE\ WKHHIIHFWLYHVWUHVVDQDO\VLVGLIIHUV LQ WKHVKDOORZHVWPRIVRLOGHSRVLWV
IURPWKDWREWDLQHGE\WRWDOVWUHVVDQDO\VLV)LJDVKRZLQJDVOLJKWLQFUHDVHLQWKHFOHDQVDQGEHWZHHQPDQG
PDQGDUHGXFWLRQRIWKHPD[LPXPDFFHOHUDWLRQLQWKHVLOW\VDQGHPEDQNPHQW
(YHQ LI WKH VKHDU VWUHVV SURILOH UHPDLQV VXEVWDQWLDOO\ WKH VDPH LQ ERWK DQDO\VHV )LJ F KLJKHU VWUDLQV DUH
DWWDLQHGLQWKHHIIHFWLYHVWUHVVDQDO\VLV)LJEDVDFRQVHTXHQFHRIWKHVWLIIQHVVGHJUDGDWLRQGXHWRWKHH[FHVVSRUH
SUHVVXUH EXLOGXS7KHPD[LPXP VWUDLQ SURILOHV VKRZ WKH KLJKHVW YDOXHV DW WKH LQWHUIDFH EHWZHHQ VLOW\ DQG FOHDQ
VDQGZLWKDSHDNYDOXHRIDQGLQHIIHFWLYHDQGWRWDOVWUHVVDQDO\VLVUHVSHFWLYHO\













WKH GHYHORSPHQW RI H[FHVV SRUH ZDWHU SUHVVXUHV XQGHU LUUHJXODU F\FOLF ORDGLQJ 7KH NH\ REMHFWLYH RI WKH µ3:3
PRGHO¶LVWRDFFXUDWHO\VLPXODWHWKHH[SHULPHQWDOOLTXHIDFWLRQUHVLVWDQFHFXUYH7KHKLJKVHQVLELOLW\RIWKHUHVXOWVWR
WKHWKUHVKROGVKHDUVWUHVVUDWLR>@UHTXLUHVWKDWWKLVYDOXHKDVWREHDVVHVVHGFDUHIXOO\$QLQGLUHFWHVWLPDWLRQFDQEH
REWDLQHG LI WKH VWLIIQHVV GHFD\ DQG WKH WKUHVKROG YROXPHWULF VWUDLQ DUH NQRZQ IURP SUHIDLOXUH F\FOLFG\QDPLF





GXULQJ WKH(PLOLDHDUWKTXDNH7KH UHVXOWV VKRZHG WKDWRQO\SDUWLDO OLTXHIDFWLRQRFFXUUHGZLWKLQ WKH VKDOORZ







>@* 7URSHDQR$&KLDUDGRQQD$ G¶2QRIULR ) 6LOYHVWUL$Q LQQRYDWLYH FRPSXWHU FRGH IRU ' VHLVPLF UHVSRQVH DQDO\VLV LQFOXGLQJ VKHDU
VWUHQJWKRIVRLOV*pRWHFKQLTXH±
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